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Select de novo gene and protein expression during renal 
epithelial cell culture in rotating wall vessels is shear 
stress dependent. 

Kays en J H; Campbell W C; Majewski R R; Goda F 0; Navar G 
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Journal; Article; (JOURNAL ARTICLE) 
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199904 
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AB The rotating wall vessel has gained popularity as a clinical cell culture 
tool to produce hormonal implants. It is desirable to understand the 
mechanisms by which the rotating wall vessel induces genetic changes, if 
we are to prolong the useful life of implants. During rotating wall 
vessel 

culture gravity is balanced by equal and opposite hydrodynamic forces 
including shear stress. The current study provides the first evidence 

that 

shear stress response elements, which modulate gene expression in 
endothelial cells, are also active in epithelial cells. Rotating wall 
culture of renal cells changes expression of select gene products 
including the giant glycoprotein scavenger receptors cubulin and megalin, 
the structural microvillar protein villin, and classic shear stress 
response genes ICAM, VCAM and MnSOD. Using a putative endothelial cell 
shear stress response element 

binding site as a decoy, we demonstrate the role of this 
sequence in the regulation of selected genes in epithelial cells. 
However, 

many of the changes observed in the rotating wall vessel are independent 
of this response element. It remains to define other genetic response 
elements modulated during rotating wall vessel culture, including the 



role 



of hemodynamics characterized by 3-dimensionality, low shear and 
turbulence, and cospatial relation of dissimilar cell types. 
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The invention provides for the use of oligodeoxynucleotide decoys for 



the prophylactic or therapeutic treatment of diseases associated with 
the binding of endogenous transcription factors to genes involved in 
cell growth, differentiation and signalling or to viral genes. By 
inhibiting endogenous trans-activating factors from binding 
transcription regulatory regions, the decoys modulate gene expression 



and thereby regulating pathological processes including inflammation, 
intimal hyperplasia, a^fciogenesis, neoplasia, immune rJ^Dnses and 

viral 

infection. The decoys are administered in amounts and under conditions 
whereby binding of the endogenous transcription factor to the 
endogenous 

gene is effectively competitively inhibited without significant host 
toxicity. The subject compositions comprise the decoy 

molecules in a context which provides for pharmacokinetics sufficient 
for effective therapeutic use. 
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The study on the shear stress responsive element in 
endothelial cells . 
Zhang W; Chen H 

Institute of Biomedical Engineering, West China University 
of Medical Sciences, Chengdu 610041. 
SHENG WU I HSUEH KUNG CHENG HSUEH TSA CHIH 
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AB Vascular endothelial cells, by virtue of their unique anatomical 
position, 

are constantly exposed to the fluid mechanical forces generated by 
flowing 

blood. The fluid forces could influence endothelial cell's gene 
expression. At a molecular level, fluid shear stress is known to increase 
or decrease the expression of a wide variety of genes. The shear stress 
responsive element (SSRE) was proposed after the identification 
of the first SSRE, the GAGACC sequence identified in the 
platelet-derived growth factor (PDGF) B chain promoter and subsequently 
identified in other genes whose promoters respond to shear stress. In 
addition, there are the existence of other positive shear responsive 
regulatory elements. There is a report on the activation of these 
promoters in vitro and in vivo and propose an application of these 
mechanically inducible promoters in the treatment of vascular diseases. 
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MechanicS^culture conditions effect gene ^repression : 

gravity-induced changes on the space shuttle. 

Hammond T G; Benes E; O f Reilly K C; Wolf D A; Linnehan R 

Taher A; Kaysen J H; Allen P L; Goodwin T J 
Nephrology Section, Department of Medicine, 
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AB 



Affairs Environmental Astrobiology Center, New Orleans, 
Louisiana 70112, USA., thammond@mailhost.tcs.tulane.edu 
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PHYSIOLOGICAL GENOMICS, (2000 Sep 8) 3 (3) 163-73. 
Journal code: 100894125. ISSN: 1094-8341. 
Flight Experiment; STS-90 Shuttle Project. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals; Space Life Sciences 
200103 

Entered STN: 20010404 
Last Updated on STN: 20011024 
Entered Medline: 20010308 
Three-dimensional suspension culture is a gravity-limited phenomenon. The 
balancing forces necessary to keep the aggregates in suspension increase 
directly with aggregate size. This leads to a self-propagating cycle of 
cell damage by balancing forces. Cell culture in microgravity avoids this 
trade-off. We determined which genes mediate three-dimensional culture of 
cell and tissue aggregates in the low-shear stress, low-turbulent 
environment of actual microgravity. Primary cultures of human renal 
cortical cells were flown on the space shuttle. Cells grown in 
microgravity and ground-based controls were grown for 6 days and fixed. 
RNA was extracted, and automated gene array analysis of the expression of 
10, 000 genes was performed. A select group of genes were regulated in 
microgravity. These 1, 632 genes were independent of known shear 
stress response element- dependent genes and 

heat shock proteins. Specific transcription factors underwent large 
changes in microgravity including the Wilms 1 tumor zinc finger protein, 
and the vitamin D receptor. A specific group of genes, under the control 
of defined transcription factors, mediate three-dimensional suspension 
culture under microgravity conditions. 
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Molecular events caused by mechanical stress in bone. 
Nomura S; Takano-Yamamoto T 

Department of Pathology, Osaka University Medical School 
2-2 Yamada-oka, Suita, Osaka, Japan. 
MATRIX BIOLOGY, (2000 May) 19 (2) 91-6. Ref : 48 
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Journal; Article; (JOURNAL ARTICLE) 
General Review; (REVIEW) 
(REVIEW, TUTORIAL) 
English 

Priority Journals; Space Life Sciences 
200009 

Entered STN: 20001005 
Last Updated on STN: 20001005 
Entered Medline: 20000926 
The shape of bone changes as a result of bone remodeling corresponding to 
physical circumstances such as mechanical stress. The tissue which 
receives the loaded mechanical stress most efficiently is bone matrix. 
Recent studies revealed the function of osteocytes as mechanosensors in 
the early stage of bone remodeling. Loaded mechanical stress is converted 



SOURCE : 

PUB. COUNTRY: 
DOCUMENT TYPE 



LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



to a series of biochemical reactions, and finally activates osteoclasts 
and osteoblasts to causkone resorption and formation, ^kchemical and 
molecular biological st^RRes have recently resulted in t^^ identification 
of the gene of which expression level is changed by mechanical stress. 
Nitric oxide {NO) and cAMP is secreted in response to mechanical stress 

in 

the immediate early stage. Genes encoding enzymes such as 
glutamate/aspartate transporter (GLAST) , nitric oxide synthetase (NOS) 

and 

\ prostaglandin G/H synthetase (PGHS-2) are identified as mechanical 

stress-responsive. The expression level of IGF- 1 is enhanced under the 
control of PTH/PTHrP . The expression of c-fos is increased by loading of 
mechanical stress. API, a heterodimer of c-FOS/c-JUN, functions as a 
transcription factor of downstream gene(s). Elements including API sites, 
cyclic AMP response elements (CRE) and shear stress response elements ( 
SSRE) are found in the promoter region of mechanical 

stress-response genes. The enhanced expression of osteopontin (OPN) in 

the 

osteocytes of bone resorption sites was demonstrated by in situ 
hybridization and immunohistochemistry and transdif f erentiation of 
chondrocytes with the abundant expression of BMP-2 and -4 in the process 
of distraction osteogenesis was observed. 
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Arterial shear stress stimulates surface expression of the 
endothelial glycoprotein lb complex. 
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SOURCE: JOURNAL OF CELLULAR BIOCHEMISTRY, 

508-21. 

Journal code: 8205768. ISSN: 0730-2312. 
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Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals; Space Life Sciences 
200003 

Entered STN: 20000330 
Last Updated on STN: 20000330 
Entered Medline: 20000317 
Exposure to shear stress has been shown to alter the expression of a 
number of surface components of cultured endothelial cells (EC) . However, 
relatively few studies have examined the status of human EC surface 
proteins after prolonged flow, more closely corresponding to the steady 
state in vivo. Since the promoter region of glycoprotein (Gp) lb alpha 
contains several copies of a putative shear stress 
response element, 5 1 -GAGACC-3 1 , we investigated the 

response of cultured human umbilical vein EC (HUVEC) Gplb alpha to shear 
stress over a 72 h time period. In response to 30 dynes/cm2 of shear 
stress, total cell content of Gplb alpha protein was markedly increased 
above static levels at 7 and 24 h, as determined immunohistochemically . 
Western blot analysis of whole cell lysates after 24, 48, and 72 h of 
shear treatment demonstrated a 2.4-, 4.1-, and 3.2-fold increase in total 
Gplb alpha protein, respectively. Cell surface protein expression of Gplb 
alpha increased 2.5-fold at 7 h, as measured by quantitative 
immunofluorescence, and remained at that level at 24 h. After 48 h of 
shear stress, cell surface Gplb alpha, GpIX, and GpV, analyzed by flow 
cytometric analysis, were further increased over the levels observed at 

24 



h. The increase in cell surface membrane expression of GPIb alpha at 24, 
48, and 72 h was confir^fcl by immunoprecipitation of bio^^fcylated surface 
proteins. No upregulati^^of Gplb alpha was noted after exposure to shear 
stress of 1-3 dynes/ cm2 . These observations imply that under steady-state 
arterial shear conditions endothelial expression of the Gplb complex is 
significantly greater than observed in static EC cultures, and raise the 
possibility of a more important role for this complex under flow, rather 
than static conditions. 
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DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 
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ENTRY MONTH: 2 00002 
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Last Updated on STN: 20000218 

Entered Medline: 20000207 
AB The application of mechanical strain to cultured cardiac myocytes in 
vitro 

leads to activation of the brain natriuretic peptide (BNP) gene promoter, 
a marker of cardiac hypertrophy. We have previously shown that this 
activation results from both a direct mechanostimulatory event and an 
indirect autocrine/paracrine stimulation involving the sequential 
production of angiotensin II and endothelin (ET) . In the present study, 

we 

examined the role of p38 mitogen-activated protein kinase (MAPK) and 
extracellular signal regulated kinase (ERK) in signaling the increase in 
promoter activity trafficking through each of these pathways. ET was 

shown 

to stimulate both p38 MAPK and ERK activity in these cultures and to 
activate human BNP (hBNP) promoter activity. Activation of the promoter 
was inhibited approximately 45% by SB-203580, a p38 MAPK inhibitor, and 
approximately 70% by PD98059, an inhibitor of the ERK-activating kinase 
MAPK kinase. The ET-independent (ie, direct) stimulation of the hBNP 
promoter by mechanical strain was inhibited approximately 7 0% by 
SB-203580 

and approximately 60% by PD98059, implying that similar signaling 
circuitry is used, albeit to different degrees, by the direct and 
indirect 

pathways. The p38 MAPK component of both the ET-dependent and the 
ET-independent responses to strain appears to operate through a series of 
nuclear f actor-kappaB binding, shear stress 
response element-like structures in the hBNP gene 

promoter. Collectively, these data suggest that activation of the BNP 
promoter by hypertrophic stimuli involves the participation of several 
independent signaling pathways. Such redundancy would help to guarantee 
generation of the full hypertrophic phenotype independently of the nature 
of the hypertrophic stimulus. 
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(s-inducible 
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cardiovascular gene therapy. 

Houston P; White B P; Campbell C J; Braddock M 
Endothelial Cell Gene Expression Group, Vascular Diseases 
Unit, Glaxo Wellcome Medicines Research Centre, Stevenage, 
Herts, England. 

HUMAN GENE THERAPY, (1999 Dec 10) 10 (18) 3031-44. 
Journal code: 9008950. ISSN: 1043-0342. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
200001 

Entered STN: 20000114 
Last Updated on STN: 20000114 
Entered Medline: 20000106 
In atherosclerosis, endothelial cells at sites of stenosis experience 
elevated levels of shear stress. We have constructed a series of shear 
stress-inducible transcription units (SITUs) expressing the luciferase 
reporter gene and determined their activation by fluid shear stress in 
transfected endothelial cells. Chimeric promoters were constructed that 
comprised basal transcription factor-binding sites coupled to a 
shear stress response element ( 

SSRE) . We have used consensus binding sites for transcription 

factors NF-kappaB, Apl, Spl, Octl, and Egr-l/Spl in either the presence 

absence of the previously defined "GAGACC" SSRE. The response of 
the promoters to shear stress was determined after transfection into 

i 

umbilical vein endothelial cells (HUVECs) . After transient transfection 
into HUVECs, fluid shear stress activated the promoters by between two- 
and eightfold. The most responsive SITUs comprised an overlapping 
Spl/Egr-l-binding site linked to a TATA box with (SP5) or without (SP7) 
the GAGACC SSRE. Instillation of SP5 DNA in vivo into the left 
carotid artery of rabbit and subsequent generation of a stenosis using a 
mechanical wire occluder caused a 10-fold upregulation of luciferase 
reporter gene expression at the site of vessel occlusion. These vectors 
show promise for therapeutic gene expression at sites of occlusive 
vascular disease. 
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Genomic organization and regulation of expression of the 
lectin-like oxidized low-density lipoprotein receptor 
(LOX-1) gene. 

Nagase M; Abe J; Takahashi K; Ando J; Hirose S; Fujita T 
Fourth Department of Internal Medicine, University of 
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Japan . 
273 (50) 



School of Medicine, Bunkyo-ku, Tokyo 112-0015, 
JOURNAL OF BIOLOGICAL CHEMISTRY, (1998 Dec 11) 
33702-7. 

Journal code: 2985121R. ISSN: 0021-9258. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals; Space Life Sciences 
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Entered STN: 19990128 
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GENBANK-AB 018102; 



AB Lectin-like oxidized low-density lipoprotein receptor (L05^1) is a 

recently identified rec^^pr for oxidized low-density li^^trotein, one of 

the major atherogenic suTretances. Although LOX-1 was repoffed to be 
expressed abundantly in endothelial cells, including atheromatous 
lesions, 

the regulation of LOX-1 gene has not yet been clarified. In the present 
study, we isolated the rat LOX-1 gene and investigated the regulation of 
gene expression. The rat LOX-1 gene was encoded by a single copy gene 
spanning over 19 kilobases and consisted of eight exons . Exon boundaries 
correlated well with the functional domain boundaries of the receptor 
protein. The promoter region contained putative TATA and CAAT boxes and 
multiple cis-elements such as NF-kappaB, AP-1 and AP-2 sites, and a 
shear stress response element. 

Northern blot analysis revealed that LOX-1 gene expression was 
up-regulated 9-fold by shear stress, 21-fold by lipopolysaccharide, and 
4-fold by tumor necrosis factor-alpha, in cultured vascular endothelial 
cells. LOX-1 was also expressed in macrophages but not in vascular smooth 
muscle cells. These data provide important information for elucidating 

the 

molecular mechanisms of LOX-1 gene regulation and suggest a role for 

LOX-1 

in the pathophysiology of atherosclerotic cardiovascular disease. 
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AB Vascular endothelial cells are potent modulators of vascular tone in 
response to shear stress. Levels of vasoactive peptides such as 
adrenomedullin (AM), endothelin-1 (ET-1) , C-type natriuretic peptide 
(CNP) , and nitric oxide (NO) are affected by fluid shear stress. AM, a 
potent vasodilator and suppressor of smooth muscle cell proliferation, 
contains the shear stress responsive element (SSRE) "GAGACC" in 
its promoter region. To examine the role of AM in the shear stress 
response, cultured human aortic endothelial cells (HAoECs) were exposed 



to 



of 



fluid shear stresses of 12 and 24 dynes/cm2 in a cone-plate shear stress 
loading apparatus for various time periods, and the levels of AM gene 
expression and peptide secretion from HAoECs were measured by Northern 
blotting analysis and radioimmunoassay (RIA) , respectively. Both AM gene 
transcription and AM peptide levels were down-regulated by fluid shear 
stress in a time- and magnitude-dependent manner. Our results demonstrate 
that the normal level of arterial shear stress down-regulates AM 
expression in HAoECs, suggesting that AM participates in the modulation 

vascular tone by fluid shear stress. 
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Entered Medline: 19980402 
The present study was designed to examine the regulation by cyclic strain 
of endothelial cell (EC) platelet-derived growth factor-B chain (PDGF-B) 
expression. We demonstrate in this study that bovine aortic ECs subjected 
to 10% (but not 6%) average strain resulted in a 2.6-fold increase in 
PDGF-B steady state mRNA and immunoreactive protein. Nuclear runoff 
transcription assays confirmed the induction of PDGF-B transcripts. To 
address the regulation of PDGF-B gene expression by cyclic strain, we 
transfected bovine aortic ECs with a construct containing 450 bp of human 
PDGF-B promoter sequence coupled to chloramphenicol acetyltransf erase 
(CAT), and found that subjecting these cells to 10% average strain 
resulted in a twofold increase in CAT activity by 4 hours. Analysis of 
nested 5' deletions of the promoter transfected into ECs demonstrated a 
55% drop-off in activity between position -313 and -153, with no 
induction 

of activity with the - 101-bp minimal promoter. Since a shear 
stress response element (SSRE) is 

located at position -125, we tested the hypothesis that the SSRE 
site was necessary and/or sufficient for induction of PDGF-B activity 

with 

strain. Electromobility shift assays revealed that nuclear proteins from 
ECs exposed to strain for short intervals (30 minutes) bound to the 
PDGF-B 

SSRE. However, transfection of ECs with hybrid promoter constructs 
containing the SV40 sequence promoter downstream of the SSRE or 
the -153 PDGF-B promoter sequence bearing a mutation in the SSRE 
demonstrated that the SSRE was not necessary for inducible 
reporter gene expression in ECs exposed to cyclic strain. 
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Regulation of tPA in endothelial cells exposed to cyclic 
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AB We have previously reported that exposure of cultured bovine aortic 

endothelial cells (EC) to 10% average strain resulted in an increase in 
tissue plasminogen activator (tPA) mRNA, immunoreactive tPA protein, and 
tPA activity in the medium. The present study was designed to examine the 
regulation of tPA gene expression in EC by cyclic strain. We performed a 
functional analysis of the tPA promoter by transfecting bovine aortic EC 
with a 1.4-kilobase (kb) construct of the human tPA promoter coupled to 
chloramphenicol acetyltransf erase . We found that subjecting the EC to 10% 
average strain (and not 6% average strain) resulted in a 2.6-fold 

increase 

in activity of the 1.4-kb tPA promoter by 4 h. Analysis of deletion 
mutants of the promoter transfected into EC demonstrated a 60% drop-off 



in 



wild 



activity between position -145 and -105. Deoxyribonuclease I protection 
analysis of the segment downstream of position -196 suggested involvement 
of activator protein-2 (AP-2) and adenosine 3 1 ,5' -cyclic 
monophosphate-responsive element (CRE)-like binding sites, which was 
confirmed by electrophoretic mobility shift assays. Site-directed mutants 
of either the AP-2 or CRE-like regions resulted in a 65% decrease in 
activity compared with the wild type. Double mutations abolished basal 
transcription and any strain-induced activity. A shear stress responsive 
element (SSRE) binding site is present at -945, but 

site-directed mutants did not show any drop in activity compared with 

type by cyclic strain. These studies demonstrate that cyclic strain 
regulates tPA gene transcription in bovine aortic EC and that this 
transcriptional activation is dependent on factors that are similar to 
those activated with phorbol ester. 
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Egr-1 is activated in endothelial cells exposed to fluid 
shear stress and interacts with a novel shear- 
stress-response element in the 
PDGF A-chain promoter. 

Khachigian L M; Anderson K R; Halnon N J; Gimbrone MA Jr; 
Resnick N; Collins T 

Department of Pathology, Brigham and Women's Hospital, 
Boston, MA 02115, USA. 
HL 35716 (NHLBI) 



(1997 



SOURCE: ARTERIOSCLEROSIS, THROMBOSIS, AND VASCULAR BIOLOGY, 

Oct) 17 (10) 2280-6. 
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English 
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Exposure of vascular endothelial cells to fluid mechanical forces can 
modulate the expression of many genes involved in vascular physiology and 
pathophysiology. Here, we report that platelet-derived growth factor 
(PDGF) A-chain gene expression is induced at the level of transcription 

cultured bovine aortic endothelial cells exposed to a physiologic level 
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DOCUMENT TYPE: 
LANGUAGE : 
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AB 



in 



of 



steady laminar shear stress (10 dyn/cm2) . 5 1 Deletion ana^vsis of the 
human PDGF-A promoter r^^^led that a GC-rich region nea^Bhe TATA box 



was 



required for shear-inducible reporter gene expression. This element 
conferred shear inducibility onto a heterologous promoter-reporter 
construct that was otherwise unresponsive to shear stress. The induction 
of PDGF-A expression by shear was preceded by rapid and transient 
induction in the expression of the immediate-early gene, egr-1, which 
binds to GC-rich sequences. Gel shift studies indicated that 
shear- induced 

Egr-1 bound to the proximal PDGF-A promoter in a specific and 
time-dependent manner, displacing Spl from their overlapping recognition 
elements. Overlapping consensus binding sites for Egr-1 and Spl also 
appear in the proximal promoters of several other endothelial genes, 
including transforming growth factor-beta 1 and tissue factor, whose 
expression is modulated by shear stress. These findings define the Egr-1 
binding site in the proximal PDGF-A promoter as a shear-stress-responsive 
element and suggest that shear-stimulated Egr-1 gene expression may be a 
unifying theme in the induction of various other endothelial genes 
exposed 

to biomechanical forces . 
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AB Endothelial cells, because of their unique localization, are constantly 
exposed to' fluid mechanical forces derived by the flowing blood. These 
forces, and more specifically shear stresses; affect endothelial 
structure 

and function, both in vivo and in vitro, and are implicated as 
contributing factors in the development of cardiovascular diseases. We 
have demonstrated earlier that the shear stress selectively induces the 
transcription of several endothelial genes, and have defined a 
shear stress response element ( 

SSRE) in the promoter of platelet-derived-growth-factor B 
(PDGF-B) , that is shared by additional endothelial shear stress 
responsive 

genes. Here we further characterize this SSRE and the nuclear 

factors that bind to it, and imply the possible role of the endothelium 

cytoskeleton in transducing shear stress, leading to the expression of 

PDGF-B/ SSRE constructs in transfected endothelial cells exposed 

to shear stress. We also present, yet a new shear stress 

response element in the Platelet Derived Growth Factor A 

promoter, that contains a binding site to the transcription factors 

egrl/spl. These results further demonstrate the complexity of gene 

regulation by hemodynamic forces, and support the important part that 

these forces have in the physiology and pathophysiology of the vessel 

wall . 
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The vessel wall is constantly subjected to, and affected by, the stresses 
resulting from the hemodynamic stimuli of transmural pressure and flow. 

the interface between blood and the vessel wall, the endothelial cell 
plays a crucial role in controlling vessel structure and function in 
response to changes in hemodynamic conditions. Using bovine aortic 
endothelium monolayers, we show that fluid shear stress causes 
simultaneous differential regulation of endothelial-derived products. We 
also report that the downregulation of endothelin-1 mRNA by flow is a 
reversible process, and through the use of uncharged dextran 
supplementation demonstrate it to be shear stress- rather than shear 
rate-dependent. Recent work on the effect of fluid shear stress on 
endothelial cell gene expression of a number of potent endothelial 
products is reviewed, including vasoactive substances, autocrine and 
paracrine growth factors, thrombosis/f ibrinolysis modulators, chemotactic 
factors, surface receptors and immediate-early genes. The encountered 
patterns of gene expression responses are classified into three 
categories: a transient increase with return to baseline (type I\, a 
sustained increase (type II) and a biphasic response consisting of an 
early transient increase of varying extent followed by a pronounced and 
sustained decrease (type III). The importance of the dynamic character of 
the flow stimulus and the magnitude dependence of the response are 
presented. Potential molecular mechanisms of shear-induced gene 
regulation, including putative shear stress response elements ( 
SSRE) , are discussed. These results suggest exquisite modulation 
of endothelial cell phenotype by local fluid shear stress and may offer 
insight into the mechanism of flow-dependent vascular remodeling and the 
observed propensity of atherosclerosis formation around bifurcations and 
areas of low shear stress. 
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Flow-dependent regulation of gene expression in vascular 
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AB Vascular endothelial cells are constantly exposed to wall shear stress 

generated by blood flow. Endothelial cells act as mechanoceptors sensing 
and responding to shear stress, and play a role in flow-dependent 
phenomena such as angiogenesis , vascular remodeling and atherosclerosis. 
Numerous recent studies have demonstrated that endothelial cell functions 
change in response to shear stress, and that the responses are often 
accompanied by changes in related gene expression. More recently there 

has 

been evidence that genes known to be regulated by shear stress may have a 
common cis-element (shear stress responsive element; SSRE) in 
their promoter regions. A molecular mechanism for endothelial cell 
responses to mechanical stress is close to being elucidated. In this 
paper, shear-stress-mediated regulation of endothelial gene expression is 
reviewed. 
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AB Hemodynamic forces, such as fluid shear stress, that act on the 
endothelial lining of the cardiovascular system can modulate the 
expression of an expanding number of genes crucial for homeostasis and 

the 

pathogenesis of vascular disease. A 6-bp core element ( 5 1 -GAGACC-3 ' ) , 
defined previously as a shear-stress response 

element is present in the promoters of many genes, including the 
PDGF B-chain, whose expression is modulated by shear stress. The identity 
of the nuclear protein (s) binding to this element has not yet been 
elucidated. Using electrophoretic mobility shift assays and in vitro 

DNase 

I f ootprinting, we demonstrate that nuclear factor-kappa B p50-p65 
heterodimers, which accumulate in the nuclei of cultured vascular 
endothelial cells exposed to fluid shear stress, bind to the PDGF-B 
shear- stress response element in a 

specific manner. Mutation of this binding motif abrogated its interaction 
with p50-p65 and abolished the ability of the promoter to mediate 
increased gene expression in endothelial cells exposed to shear stress. 
Transient cotransf ection studies indicate that p50-p65 is able to 
activate 

PDGF-B shear-stress response element 

-dependent reporter gene expression in these cells. These findings thus 
implicate nuclear factor-kappa B in the transactivation of an endothelial 



gene responding to a defined fluid mechanical force. 
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AB Vascular endothelial cells, by virtue of their unique anatomical 
position, 

are constantly exposed to the fluid mechanical forces generated by 
flowing 

blood. In vitro studies with model flow systems have demonstrated that 
wall shear stresses can modulate various aspects of endothelial structure 
and function. Certain of these effects appear to result from the 
regulation of expression of endothelial genes at the transcriptional 
level. Recent molecular biological studies have defined a "shear 
stress response element" (SSRE) in 

the promoter of the human platelet-derived growth factor (PDGF)-B chain 
gene that interacts with DNA binding proteins in the nuclei of 
shear-stressed endothelial cells to up-regulate transcriptional activity. 
Insertion of this element into reporter genes also renders them 
shear-inducible . Further characterization of this and other positive (and 
negative) shear-responsive genetic regulatory elements, as well as their 
transactivating factors, should enhance our understanding of vascular 
endothelium as an integrator of humoral and biomechanical stimuli in 
health and disease. 
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AB Hemodynamic forces induce various functional changes in vascular 

endothelium, many of which reflect alterations in gene expression. We 

have 

recently identified a cis-acting transcriptional regulatory element, the 
shear stress response element ( 

SSRE) , present in the promoters of several genes, that may 
represent a common pathway by which biomechanical forces influence gene 
expression. In this study, we have examined the effect of shear stress o 
endothelial expression of three adhesion molecules: intercellular 
adhesion 

molecule-1 (ICAM-1), which contains the SSRE in its promoter, 
and E-selectin (ELAM-1) and vascular cell adhesion molecule-1 (VCAM-1) , 
both of which lack the SSRE. Cultured human umbilical vein 
endothelial cells, subjected to a physiologically relevant range of 
laminar shear stresses (2.5-46 dyn/cm2) in a cone and plate apparatus fo 
up to 48 h, showed time-dependent but force-independent increases in 
surface immunoreactive ICAM-1. Upregulated ICAM-1 expression was 
correlated with increased adhesion of the JY lymphocytic cell line. 
Northern blot analysis revealed increased ICAM-1 transcript as early as 
h after the onset of shear stress. In contrast, E-selectin and vascular 
cell adhesion molecule-1 transcript and cell-surface protein were not 
upregulated at any time point examined. This selective regulation of 
adhesion molecule expression in vascular endothelium suggests that 
biomechanical forces, in addition to humoral stimuli, may contribute to 
differential endothelial gene expression and thus represent 
pathophysiological^ relevant stimuli in inflammation and 
atherosclerosis . 



L4 ANSWER 18 OF 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



human 



AUTHOR : 
CORPORATE 

SOURCE : 



SOURCE : 



NO 



48 MEDLINE 

94245207 MEDLINE 
94245207 PubMed ID: 7514568 
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Nitric oxide (NO) is an important intercellular signaling molecule 
synthesized in diverse human tissues by proteins encoded by a family of 
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synthase (NOS) genes. The similarity of sequence and cofactor binding 
sites has suggested that the NOS genes may also be related to cytochrome 
P450 reductase, as well as to plant and bacterial oxidoreductases . 
Endothelial NOS activity is a major determinant of vascular tone and 

blood 

pressure, and in several important (and sometimes hereditary) disease 
states, such as hypertension, diabetes, and atherosclerosis, the 
endothelial NO signaling system appears to be abnormal. To explore the 
relationship of the endothelial NOS gene to other similar genes, and to 
delineate the genetic factors involved in regulating endothelial NOS 
activity, we isolated the human gene encoding the endothelial NOS. 
Genomic 



clones containing the 5^^nd of this gene were identif ied^n a human 
genomic library by appJ^^g a polymerase chain reaction ^^R) -based 
approach. Identif ication^f the human gene for endothelial NOS (NOS3) was 
confirmed by nucleotide sequence analysis of the first coding exon, which 
was found to be identical to its cognate cDNA. The N0S3 gene spans at 
least 20 kb and appears to contain multiple introns. The transcription 
start site and promoter region of the NOS3 gene were identified by primer 
extension and ribonuclease protection assays. Sequencing of the putative 
promoter revealed consensus sequences for the shear 
stress-response element/ as well as 

cytokine-responsive cis regulatory sequences, both possibly important to 
the roles played by NOS3 in the normal and the diseased cardiovascular 
system. (ABSTRACT TRUNCATED AT 250 WORDS) 
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The yeast "two-component" osmotic stress phosphorelay consists of the 
histidine kinase, Slnlp, the phosphorelay intermediate, Ypdlp and two 
response regulators, Ssklp and Skn7p, whose activities are regulated by 
phosphorylation of a conserved aspartyl residue in the receiver domain. 
Dephospho-Ssklp leads to activation of the hyper-osmotic response (HOG) 
pathway, whereas phospho-Skn7p presumably leads to activation of 
hypo-osmotic response genes. The multifunctional Skn7 protein is 
important in oxidative as well as osmotic stress; however, the Skn7p 
receiver domain aspartate that is the phosphoacceptor in the SLN1 pathway 
is dispensable for oxidative stress. Like many well-characterized 
bacterial response regulators, Skn7p is a transcription factor. In this 
report we investigate the role of Skn7p in osmotic response gene 
activation. Our studies reveal that the Skn7p HSF-like DNA binding 
domain 

interacts with a cis-acting element identified upstream of OCH1 that is 
distinct from the previously defined HSE-like Skn7p binding site. Our 
data support a model in which Skn7p receiver domain phosphorylation 
affects transcriptional activation rather than DNA binding to this class 
of DNA binding site. 
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AB This invention provides a sequence of promoter fo phytosulf okine (PSK) 
gene cloned from rice. The promoter region comprises of one CAAT box, 

two 

CCAAT boxes, three SSRE element, one enhance and three E boxes. 
The PSK promoter is 3359 bp long and the promoter deletion expt . showed 
that the fragment (-1911 - -1) was most active in regulation of reporter 
gene expression. The PSK promoter can be used for enhancement of gene 
expression in transgenic plants. 
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AB This invention provides expression vectors comprising multiple shear 
stress responsive elements (SSRE) and one or more genes of 
interest and methods of treating disorders related to or assocd. with 
vasculogenesis and/or angiogenesis conditions. 
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TITLE: Unidirectional and Oscillatory Shear Stress 



AUTHOR ( S ) : 

CORPORATE SOURCE: 

SOURCE : 

PUBLISHER: 
DOCUMENT TYPE: 
LANGUAGE : 
AB 
low 



{pression 
K. ; Daniel, 



Differentially Modulate NOS III Gene^ 
SiJ^^;i, P.; Formentin, K.; Bouzoure 
F./ ^runner, H. R.; Hayoz, D. 

Division of Hypertension and Vascular Medicine, CHUV, 
Lausanne, 1011, Switz. 
Nitric Oxide (2000), 4(1), 47-56 
CODEN: NIOXF5; ISSN: 1089-8603 
Academic Press 
Journal 
English 

Atherosclerotic plaques preferentially develop in regions exposed to a 



mean shear stress and cyclic reversal of flow direction (oscillatory 
flow) . This contrasts with plaque-free zones where endothelial cells are 
exposed to unidirectional flow. Previous works from our lab. using a 
unique exptl . flow system demonstrated the existence of a differential 
regulation of endothelial nitric oxide synthase (NOS III) gene expression 
by unidirectional and oscillatory flow patterns. We further studied the 
possible mechanisms responsible for selective unresponsiveness of NOS III 
gene regulation to oscillatory flow. The results obtained demonstrate 
that (i) induction of the activity of the 1600-base-pair NOS III gene 
promoter by unidirectional and oscillatory shear stress is modulated by 
similar mechanisms that involve NF- . kappa. B activation, but do not 
involve 

Ras-dependent MAP kinase activation, and (ii) the lack of induction of 

NOS 

III gene regulation by oscillatory shear stress can be attributed to the 
activation of a yet unidentified neg. cis-acting element present in the 
NOS III gene. (c) 2000 Academic Press. 
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CAPLUS COPYRIGHT 2002 ACS 
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Role of LOX-1, an endothelial oxidized low-density 
lipoprotein receptor, in vascular disorders 
Nagase, Miki; Ando, Katsuyuki; Fujita, Toshiro 
Department of Internal Medicine, University of Tokyo 
School of Medicine, Tokyo, 112-8688, Japan 
International Congress Series (1999), 1181 (Common 
Disease: Genetic and Pathogenetic Aspects of 
Multifactorial Diseases), 227-236 
CODEN: EXMDA4; ISSN: 0531-5131 
Elsevier Science B.V. 
Journal 
English 

LOX-1 is a novel endothelial receptor for oxidized low-d. lipoprotein 
(OxLDL) . Its biol. roles have not yet been clarified. In the present 
study we performed rat LOX-1 cDNA and genomic DNA cloning and examd. the 
regulation of its expression using in vitro and in vivo systems. Cloning 
was performed by screening the cDNA and genomic DNA library. 
Transcription initiation site was detd. by primer extension and SI 
mapping. Gene expression was examd. by Northern blotting. The rat LOX-1 
cDNA encoded 364 amino i acids consisting of N-terminal cytoplasmic, 
single-transmembrane, triple repeats, and C-type lectin-like domains. 

LOX-1 gene was encoded by eight exons . The promoter region contained 
AP-1, AP-2, NF-. kappa. B binding sites, and a shear 
stress response element. LOX-1 mRNA in 

cultured vascular endothelial cells was markedly increased by mech. 
stress, lysophosphatidylcholine, advanced glycation end products, and 
TNF-. alpha.. LOX-1 expression was also markedly upregulated in the 
vasculature of hypertensive rats. LOX-1 expression was modulated by 



stimuli related to major risk factors for atherosclerotic cardiovascular 
diseases, implicating ^^^ivotal role for OxLDL/LOX-1 ir^Re development 
of W 

atherosclerotic vascular complications. 
REFERENCE COUNT: 18 THERE ARE 18 CITED REFERENCES AVAILABLE FOR 
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TITLE: Endothelial gene regulation by fluid shear forces 

AUTHOR(S): Resnick, Nitzan; Wolfovitz, Efrat; Zilberstein, 

Shachar 

CORPORATE SOURCE: Department of Anatomy and Cell Biology, Bruce 

Rappaport Medical Research, The Rappaport Faculty of 
Medicine - Technion, Haifa, 31096, Israel 

SOURCE: Endothelial Cell Research Series (1999), 6 (Mechanical 

Forces and the Endothelium) , 127-147 
CODEN: ECRSFY; ISSN: 1384-1270 

PUBLISHER: Harwood Academic Publishers 

DOCUMENT TYPE: Journal; General Review 

LANGUAGE: English 

AB A review with 92 refs. The remodeling of Blood vessels accompanies 

physiol. and pathol . processes such as, angiogenesis and vasculogenesis, 
atherosclerosis, hypertension and restenosis. Vessel remodeling occurs 



in 



of 



and 



the 



response to both biochem. and biomech. stimuli, and has been shown to be 
dependent on the presence of an intact endothelial layer. By virtue of 
their anatomical position, endothelial cells are constantly exposed to 
hemodynamic forces generated by the flowing blood, forces that consists 

fluid shear stress, cyclic strain and pressure. These forces affect 
endothelial cells structure and function, changes that are often mediated 
by the induction or shut-off of endothelial genes. Up to date few dozens 
endothelial genes have been found to be regulated by hemodynamic forces. 
Promoter anal, of some of the genes resulted in the definition of pos . 

neg. cis-acting elements that are essential for their responsiveness to 
biomech. forces. These shear stress response elements (SSREs) bind 
transcription factors, among them, NF. kappa. B, NFATc2, Spl, Egrl, Fos and 
Jun, that are activated themselves by hemodynamic forces. This review 
attempts to summarize the effects of hemodynamic forces, and more 
specifically fluid shear stress, on endothelial gene regulation in vitro 
and in vivo and point to several SSREs and transcription factors that are 
involved in this regulation. New technologies, as well as, new in vitro 
shear stress models facilitating the study of endothelial gene regulation 
by shear stress will be discussed. Finally, special attention will be 
given to results accumulating from recent studies on the regulation of 
endothelial genes by complex (pathol.) shear stresses. Vascular 
remodeling is the sum of multiple events, some of which are regulated by 
biomech. forces, and mediated by the regulation of vascular endothelial 
genes. It is thus hoped that unraveling the complexity of endothelial 
gene regulation by biomech. forces contributes to our understanding of 



physiol. processes in the circulatory system and the pathogenesis of 
vascular diseases . 

REFERENCE COUNT: 92 THERE ARE 92 CITED REFERENCES AVAILABLE FOR 
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Flow^nduced endothelial gene regula} 
And^^Joji; Korenaga, Risa; Kamiya, 

DepaKment of Biomedical Engineering, "^Graduate School 
of Medicine, University of Tokyo, Tokyo, 113, Japan 
Endothelial Cell Research Series (1999), 6 (Mechanical 
Forces and the Endothelium), 111-126 
CODEN: ECRSFY; ISSN: 1384-1270 
Harwood Academic Publishers 
Journal; General Review 
English 

A review with 42 refs. Shear stress generated by blood flow can modulate 
both the morphol. and functions of vascular endothelial cells. In most 
cases, gene expression assocd. with endothelial function is also altered 
by shear stress. To date, the expression of nearly twenty endothelial 
genes has been shown to be up-and/or down-regulated by shear stress, and 
several related transcription factors and cis-acting 
shear- stress- response 

elements have been identified. We recently characterized a neg. 
shear-stress-response element in the 

murine vascular adhesion mol.-l (VCAM-1) gene. Exposure of mouse venule 
endothelial cells to shear stress decreased VCAM-1 protein cell surface 
expression and inhibited adhesion to lymphocytes. The decrease in 
protein 

expression was due to a decrease in VCAM-1 mRNA levels, which resulted 
from the suppression of VCAM-1 gene transcription induced by shear 
stress . 

A double AP-1 binding site in the VCAM-1 gene promoter was found to 
function as a cis-element for this neg. transcriptional regulation. To 
det. the no. of endothelial genes responsive to shear stress, 
differential 

display of endothelial mRNAs was performed. In cells exposed to a shear 
stress of 15 dynes/cm2 for 6h, approx. 4% of the mRNA species increased 
more than two-fold or decreased to less than half the levels in static 
control cells. Thus, it seems that a large no. of known or unknown 
shear-response genes are involved in blood flow-dependent phenomena 
including angiogenesis, vascular remodeling, and atherosclerosis. 

REFERENCE COUNT: 42 THERE ARE 42 CITED REFERENCES AVAILABLE FOR 
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Enhanced expression of LOX-1, an oxidized low-density 
lipoprotein receptor, in the kidney of salt-sensitive 
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Nagase, Miki; Kaname, Shinya; Ando, Katsuyuki; 
Toshiro 

Department of Nephrology and Endocrinology, 



tat 



of Tokyo School of Medicine, Japan 
Therapeutic Research (1999), 20(5), 1340-1344 
CODEN: THREEL; ISSN: 0289-8020 
Raifu Saiensu Shuppan K.K. 
Journal 
Japanese 

Lox-1 is a recently-identified endothelial receptor for oxidized low-d. 
lipoprotein. In the present study, the authors detd. the structure of 



SOURCE : 

PUBLISHER: 
DOCUMENT TYPE 
LANGUAGE : 
AB 



LOX-1 cDNA and genomic DNA. LOX-1 cDNA encoded a protein of 364 amino 
acids consisting of N-terminal cytoplasmic, single transmembrane, 
extracellular three repeats of a 46-amino-acid motif and C-type 
lectin-like domains. The 3 ' -untranslated region contained seven A+U-rich 
elements for rapid degrdn. of mRNA. Two isoforms of mRNA were generated 



by alternative use of two polyadenylation signals. The ^^t LOX-1 gene 



was 



in 
in 



encoded by a single cop^gene spanning over 19 kilobases and consisted of 
eight exons. Exon boundaries correlated well with the functional domain 
boundaries of the receptor protein. The promoter region contained 
multiple cis-elements such as NF- . kappa . B, AP-1, AP-2 sites, and a 
shear- stress response element. 

LOX-1 expression was markedly upregulated by mech. stress and cytokines 

cultured vascular endothelial cell. LOX-1 expression was also enhanced 

the aorta and kidney of hypertensive rats. These data suggest a role for 
LOX-1 in the pathophysiol . of hypertensive target organ complication. 
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atherogenesis 

AUTHOR(S): Gimbrone, Michael A., Jr.; Topper, James N. 

CORPORATE SOURCE: Vascular Research Division, Departments of Pathology, 

Harvard Medical School, Boston, MA, USA 
SOURCE: International Congress Series (1998), 

1155 (Atherosclerosis XI), 949-955 
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PUBLISHER: Elsevier Science B.V. 

DOCUMENT TYPE: Journal; General Review 

LANGUAGE: English 

AB A review with 22 refs. The localization of atherosclerotic lesions to 
arterial geometries assocd. with disturbed flow patterns suggests an 
important role for local hemodynamic forces in atherogenesis. There is 
increasing evidence that the vascular endothelium, which is directly 
exposed to fluid mech. forces generated by blood flow, can discriminate 
among these stimuli and transduce them into genetic regulatory events. 

At 

the level of individual genes, this regulation is accomplished via the 
interaction of various transcription factors, such as NF- . kappa. B and 
Egr-1, with "shear-stress response elements 1 ' or SSREs, such as the GAGACC 
motif in the proximal promoter of the human PDGF-B gene, or the 
Egr-l/Spl-binding sites in the PDGF-A gene. At the level of multiple 
genes, distinct patterns of up- and downregulation appear to be elicited 
by exposure to steady laminar shear stresses vs. comparable levels of 
nonlaminar (e.g., turbulent) shear stresses or cytokine stimulation 
■ f 

IL-l.beta.). Certain genes that are upregulated by a steady laminar 
shear-stress stimulus (such as ecNOS, COX-2 and Mn-SOD) support 
"vasoprotective" (anti-inflammatory, antithrombotic, antioxidant) 
functions in the endothelium. The selective and sustained expression of 
these and related "antiatherogenic genes" in the endothelial lining of 
lesion-protected areas represent a mechanism whereby hemodynamic forces 
can influence lesion formation and progression. 
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TITLE : Characterization and sequence of an additional 

15-lipoxygenase transcript and of the human gene 

AUTHOR (S) : Kritzik, Marcie R.; Ziober, Amy F. ; Dicharry, Sherry; 

Conrad, Douglas J.; Sigal, Elliott 

CORPORATE SOURCE: Institute of Biochemistry and Cell Biology, Syntex 

Discovery Research, Palo Alto, USA 

SOURCE: Biochimica et Biophysica Acta (1997), 1352(3), 

267-281 

CODEN: BBACAQ; ISSN: 0006-3002 
PUBLISHER: Elsevier 
DOCUMENT TYPE: Journal 



(e.g. 



in 



LANGUAGE : E ns^. s h 

AB 15-Lipoxygenase is a jl^HLd-peroxidating enzyme that oxi es fatty acids, 
such as those esterified to cellular membranes. It has been implicated 

the oxidative modification of low-d. lipoprotein and is thus thought to 
contribute to the development of atherosclerosis. The enzyme has also 
been shown to be specifically induced by interleukin-4 in human blood 
monocytes. Two 15-lipoxygenase-hybridizing messages were detected in 
these cells; one {2.1 kb) corresponds to the previously isolated cDNA for 
15-lipoxygenase, while the other (4 kb) was of unknown origin. We have 
isolated and characterized this 4 kb transcript. Our expts . show that it 
has 1.2 kb addnl . sequence in its 3 1 untranslated region, and that it is 
generated from genomic sequences through differential polyA site 
selection. We present studies to address the functional significance of 
the extended 3 ! UTR. Selection of an upstream polyadenylation signal 
results in prodn. of the 2.7 kb transcript. In addn., we present here 

the first time the cloning and sequence of the human 15-lipoxygenase 

as well as the identification of regulatory elements in the promoter 
region of this gene. 



for 
gene, 



L4 ANSWER 2 9 OF 48 CAPLUS COPYRIGHT 2002 ACS 
ACCESSION NUMBER: 1996:38558 CAPLUS 

DOCUMENT NUMBER: 124:113149 

TITLE: Blood flow modulates vascular endothelial gene 

expressions 
AUTHOR(S): Ando, Joji 

CORPORATE SOURCE: Fac . Med., Univ. Tokyo, Tokyo, 113, Japan 
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DOCUMENT TYPE: Journal; General Review 

LANGUAGE: Japanese 

AB A review, with 23 refs., on effect of wall shear stress (SS) by blood 
flow 

on expression of VCAM-1 mRNA on endothelial cells, other genes modulated 
by blood flow, and discovery of SSRE (SS response element) . 
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DOCUMENT NUMBER: 123:308114 

TITLE: Endothelial gene regulation by biomechanical forces 

AUTHOR(S): Resnick, Nitzan; Bauer, Sumpio E.; Du, Wei; Gimbrone, 

Michael A. Jr. 

CORPORATE SOURCE: Department Pathology, Brigham and Women's Hospital, 

Boston, MA, 02115-5817, USA 
SOURCE: International Congress Series (1995), 

1066 (Atherosclerosis X), 838-43 

CODEN: EXMDA4; ISSN: 0531-5131 
PUBLISHER: Elsevier 
DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Hemodynamic forces generated by the pulsatile flow of blood through the 

circulatory system have been shown to influence the structure and 
function 

of vascular endothelium. Several groups, using in vitro systems, have 
demonstrated that defined biomech. forces, including wall shear stress 

and 

cyclic strain, can modulate endothelial gene expression. In particular, 
our group has demonstrated that PDGF B-chain gene transcription is 
induced 

by exposure of cultured endothelial cells to a physiol. level of laminar 
shear stress. We have defined a region within the PDGF B-chain promoter 
that is responsible for this shear-induced gene expression, and have 
called this the "Shear Stress Response 
Element" (SSRE) . This promoter element binds nuclear 



proteins extd. from sh^^r-stressed endothelial cells. J^core sequence 
(GAGACC) within the S^Bis also present in the promote^^of 

several other endothelial genes that are responsive to shear stress. 



This 



core sequence was shown by elect romobility shift assays to be a 
nuclear-protein binding site. Moreover, hybrid promoters contg. the 
SSRE sequence (as present in the PDGF B-chain promoter) were 
inducible by shear stress when transfected into bovine aortic endothelial 
cells, thus confirming that this element is both necessary and sufficient 
for gene induction by laminar shear stress. We have recently extended 
these studies to another physiol . relevant hemodynamic force, cyclic 
strain, induced by biaxial stretching. Interestingly, the SSRE 
binds to nuclear proteins extd. from endothelial cells, but not from 
smooth muscle cells, exposed to the same level of cyclic strain (10% av. 
strain, 60 cycles/min) . These results suggest that different biomech. 
forces may act on the endothelium through a common, but 
cell-type-specific, mechanism to activate gene transcription. 
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Promoter analysis of human inducible nitric oxide 
synthase gene associated with cardiovascular 
homeostasis 

Nunokawa, Youichi; Ishida, Nobuhiro; Tanaka, Shoji 
Suntory Inst. Biomed. Res., Osaka, 618, Japan 
Biochemical and Biophysical Research Communications 
(1994), 200(2), 802-7 
CODEN: BBRCA9; ISSN: 0006-291X 
Journal 
English 

The authors previously showed that interferon (IFN) -. gamma . inhibited the 
proliferation of rat vascular smooth muscle cells (VSMC) by generation of 
nitric oxide (NO) through the induction of an NO synthase (NOS) and 
cloned 

the rat inducible NOS cDNA in VSMC (VSM-NOS) . To study the regulation of 
human inducible NOS (HiNOS) transcription in VSMC, the authors now cloned 
and sequenced a 2.9-kb fragment for the hiNOS gene contg. a putative 
promoter, exon 1 and exon 2. The 5' -flanking region contains several 
consensus sequences for the binding of transcription factors involved in 
the inducibility of other genes by cytokines. These include IFN-. gamma, 
responsive element and NF-IL6 and NF- . kappa. B binding consensus 
sequences . 

Interestingly, the hiNOS gene contains a shear-stress responsive element 
(GAGACC) which was also found to exist in humans endothelial-type NOS but 
not in murine inducible NOS. 
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Platelet-derived growth factor B chain promoter 
contains a cis-acting fluid shear-stress-responsive 
element. [Erratum to document cited in 
CA119 (5) : 42657a] 

Resnick, Nitzan; Collins, Tucker; Atkinson, William; 
Bonthron, David T.; Dewey, C. Forbes, Jr.; Gimbrone, 
Michael A. , Jr. 

Harvard Med. Sch. , Brigham and Women's Hosp., Boston, 
MA, 02115, USA 

Proc. Natl. Acad. Sci. U. S. A. (1993), 90(16), 7908 

CODEN: PNASA6; ISSN: 0027-8424 

Journal 

English 

not reflected in the abstr. or the index entries. 
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Platelet-derived growth factor B chain promoter 
contains a cis-acting fluid shear-stress-responsive 
element 

Resnick, Nitzan; Collins, Tucker; Atkinson, William; 
Bonthron, David T.; Dewey, C. Forbes, Jr.; Gimbrone, 
Michael A. , Jr. 

Harvard Med. Sen., Brigham and Women 1 s Hosp . , Boston, 
MA, 02115, USA 
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DOCUMENT TYPE: 
LANGUAGE : 

AB The B chain of platelet-derived growth factor (PDGF-B) was used as a 
model 

to investigate the mechanisms of shear-stress-induced gene regulation in 
cultured bovine aortic endothelial cells (BAECs) . Northern blot anal, 
revealed elevated endogenous PDGF-B transcript levels in BAECs, after 
exposure to a physiol. level of laminar shear stress (10 dynes/cm2; 1 

dyne 

= 100 mN) for 4 h. A transfected reporter gene, consisting of a 1.3-kb 
fragment of the human PDGF-B promoter coupled to chloramphenicol 
acetyltransferase (CAT) , indicated a direct effect on transcriptional 
activity. Transfection of a series of PDGF-B- CAT deletion mutants led to 
the characterization of a cis-acting component within the PDGF-B promoter 
that was necessary for shear-stress responsiveness. In gel-shift assays, 
overlapping oligonucleotide probes of this region formed several 
protein-DNA complexes with nuclear exts. prepd. from both static and 
shear-stressed BAECs . A 12-bp component (CTCTCAGAGACC) was identified 
that formed a distinct pattern of complexes with nuclear proteins extd. 
from shear-stressed BAECs. This shear-stress-responsive element does not 
encode binding sites for any known transcription factor but does contain 

a 

core binding sequence (GAGACC) , as defined by deletion mutation in 
gel-shift assays. Interestingly, this putative transcription factor 
binding site is also present in the promoters of certain other 
endothelial 

genes, including tissue plasminogen activator, intercellular adhesion 

mol . 

1, and transforming growth factor .beta.l, that also are induced by shear 
stress. Thus, the expression of PDGF-B and other pathophysiol . relevant 
genes in vascular endothelium appears to be regulated, in part, by 
shear-stress-induced transcription factors interacting with a common 
promoter element. 

L4 ANSWER 34 OF 48 US PAT FULL 

ACCESSION NUMBER: 2002:217074 US PAT FULL 

TITLE: Expression vectors comprising multiple shear stress 

responsive elements (SSRE) and methods of use 
for treating disorders related to vasculogenesis 

angiogenesis in a shear stress environment 
Resnick, Nitzan, Haifa, ISRAEL 

Florence Medical, Ltd., Kfar Saba, ISRAEL (non-U. S. 
corporation) 



and/or 

INVENTOR (S) : 
PATENT ASSIGNEE (S) 



PATENT INFORMATION: 
APPLICATION INFO. : 
DOCUMENT TYPE: 
FILE SEGMENT: 
PRIMARY EXAMINER: 
LEGAL REPRESENTATIVE: 
Todd 



NUMBER 



KIND 



DATE 



(9) 



US 6440726 Bl 20020827 

US 1998-220510 19981224 
Utility 
GRANTED 

Nguyen, Dave T , 

Nath & Associates PLLC, Novick, Harold L. 



Juneau, 



L. 

NUMBER OF CLAIMS: 19 
EXEMPLARY CLAIM: 1 

NUMBER OF DRAWINGS: 1 Drawing Figure (s); 1 Drawing Page(s) 

LINE COUNT: 1883 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB This invention provides expression vectors comprising multiple shear 

stress responsive elements and methods of treating disorders related to 
or associated with vasculogenesis and/or angiogenesis in the 
vasculature . 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AB This invention provides a novel promoter derived from gene of 
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invention can enhance expression of an exogenous structural gene with 
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AB A use for agents tha^^isrupt actin cytoskeletal orgaa^feation is 

provided. In the ins^Mt invention, agents that disru||^actin 

cytoskeletal organization are found to upregulate endothelial cell 
Nitric Oxide Synthase activity. As a result, agents that disrupt actin 
cytoskeletal organization are useful in treating or preventing 
conditions that result from the abnormally low expression and/or 
activity of endothelial cell Nitric Oxide Synthase. Such conditions 
include pulmonary hypertension, ischemic stroke, impotence, heart 
failure, hypoxia-induced conditions, insulin deficiency, progressive 
renal disease, gastric or esophageal motility syndrome, etc. Subjects 
thought to benefit mostly from such treatments include 
nonhyperlipidemics and nonhypercholesterolemics, but not necessarily 
exclude hyperlipidemics and hypercholesterolemics . 
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function inhibitors are useful in treating or preventing conditions 
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invention, HMG-CoA reductase inhibitors are found to upregulate 
endothelial cell Nitric Oxide Synthase activity through a mechanism 
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Variable capacitance bucket brigade memory in which variable 
capacitances are used instead of fixed capacitances in order to reduce 
the Signal-Step-Response-Error. 
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Blood flow interactions with the vascular endothelium represents a 
specialized example of mechanical regulation of cell function that has 
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important physiological and pathophysiological consequences. Yet, the 
mechanisms of mechanostgfcanduction into these cells are rmjL fully 
understood. The presen^^tudy focused on the adherens jil^^ion and its 

role in shear stress sensing. This study shows that although the level of 
both VE-cadherin and b-catenin does not change in vascular endothelial 
cells exposed to laminar shear stress, a rapid and transient increase in 
the VE-cadherin - cytoskeleton-bound fraction occurs, accompanied by a 
simultaneous increase in the binding of VE-cadherin to b-catenin. 
Interestingly, in the same time frame a rapid and transient increase 
occurs in the levels of the cytoskeleton-bound fractions of the VEGFR-2 
and in its binding to the adherens complex. Endothelial cells lacking the 
gene for VE-cadherin failed to transduce shear stress signals such as the 
phosphorylation of Aktl or the induced expression of a luciferase gene 
regulated by an SSRE (Shear Stress 

Response element) -hybrid promoter. Thus, these results 

suggest for the first time that VEGF receptor 2 and the adherens junction 
molecules VE-cadherin and b-catenin act as shear stress co-receptors and 
point at their possible role in fluid shear stress mechanotransduction. 
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The invention provides for the use of oligodeoxynucleotide decoys for 
the prophylactic or therapeutic treatment of diseases associated with 
the binding of endogenous transcription factors to genes involved in 
cell growth, differentiation and signalling or to viral genes. By 
inhibiting endogenous trans-activating factors from binding 
transcription regulatory regions, the decoys modulate gene expression 
and thereby regulating pathological processes including inflammation, 
intimal hyperplasia, angiogenesis , neoplasia, immune responses and 



infection. The decoys are administered in amounts and under conditions 
whereby binding of the endogenous transcription factor to the 
endogenous 

gene is effectively competitively inhibited without significant host 
toxicity. The subject compositions comprise the decoy 

molecules in a context which provides for pharmacokinetics sufficient 
for effective therapeutic use. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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BACKGROUND: Although inhibition of neointimal hyperplasia by cell cycle 
gene blockade therapy results in improved endothelial cell function in 
experimental vein grafts, little is known either about endothelial 
healing 

immediately after vein grafting or about the effect of this therapy on 

the 
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healing process. METHODS AND RESULTS: Scanning electron microscopy 
demonstrated an immedi^fc decrease in vein graft endothej^l cell density 
associated with vein g^^t wall stretch, followed by a ^^irn to baseline 
by postoperative day 3. En face detection of bromodeoxyuridine 
incorporation confirmed a rapid endothelial proliferation by 48 hours. 
Despite inhibition of underlying vascular smooth muscle cell 
proliferation, E2F decoy oligonucleotide did not inhibit either 
endothelial bromodeoxyuridine incorporation or the return to baseline 

density. This differential response to E2F decoy was also 

observed in human umbilical vein endothelial cell culture, which resisted 
the E2F decoy inhibition of cell growth that was observed in 
human umbilical artery smooth muscle cells, despite evidence for nuclear 
localized delivery of the oligonucleotide into both cell types. 
Furthermore, the reduction of E2F binding activity seen in a nuclear gel 
shift assay of cultured smooth muscle cells was not observed in 
endothelial cells. CONCLUSIONS: These results suggest a burst of graft 
endothelial cell proliferation that allows a rapid restoration of cell 
density in the monolayer. Additionally, there is a selective effect of 

decoy gene therapy on target smooth muscle cells with sparing of 
this endothelial healing. 
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Autologous saphenous vein is the conduit of choice for the bypass of 
arterial occlusive disease, be it in the peripheral arterial tree or in 
the coronary system. This technique is limited by primary graft failure 
rates approaching 20% in the first year for peripheral arterial disease 
and 50% at 10 years for coronary artery bypass grafting. The PREVENT 
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70-74% decreases in th^Jlevel of proliferating cell nuc^Prr antigen 
(PCNA) 

and c-myc mRNA expressed by the smooth muscle cells in the vein. This 
translated into a statistically significant reduction in primary graft 
failure when used to bypass peripheral arterial occlusions in a high-risk 
human patient population. 
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AB OBJECTIVE: We tested the hypothesis that a single intraoperative 
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Jugular vein to carotid artery interposition vein grafts in 
hypercholesterolemic rabbits were treated, using pressure-mediated 
delivery, with either E2F decoy oligonucleotide, scrambled 
oligonucleotide, or vehicle alone. E2F decoy inhibition of 
cell-cycle gene expression was determined by measuring proliferating cell 
nuclear antigen upregulation and bromodeoxyuridine incorporation in 
vascular smooth muscle cells. Neointimal hyperplasia and atherosclerosis 
were compared between groups at 6 months after operation. Wall stress was 
derived from the ratio of luminal radius to wall thickness. Normal 

rabbits 

exposed to 6 weeks of diet-induced hypercholesterolemia starting 6 months 
after operation were analyzed in the same manner. RESULTS: The E2F 
decoy oligonucleotide, but not scrambled oligonucleotide or 
vehicle alone, inhibited proliferating cell nuclear antigen expression 

and 

smooth muscle cell proliferation. Furthermore, this manipulation of 
cell-cycle gene expression yielded an inhibition of neointimal 
hyperplasia 

and atherosclerotic plaque formation throughout the 6 months of 
cholesterol feeding. In normocholesterolemic rabbits, vehicle-treated and 
scrambled oligonucleotide-treated vein grafts remain susceptible to 
diet-induced atherosclerosis as well, whereas resistance to this disease 
induction remained stable in genetically engineered grafts. CONCLUSION: A 
single intraoperative pressure-mediated delivery of E2F decoy 
effectively provides vein grafts with long-term resistance to neointimal 



hyperplasia and atherosclerosis. These findings suggest that long-term 
reduction in human veij^araft failure rates may be feasjj^e with this ex 
vivo gene therapy appr^^h. 
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Gene therapy for human bypass grafts. 
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Autologous saphenous vein is the conduit of choice for the bypass of 
arterial occlusive disease, be it in the peripheral arterial tree or in 
the coronary system. This technique is limited by primary graft failure 
rates approaching 20% in the first year for peripheral arterial disease 
and 50% at 10 years for coronary artery bypass grafting. The PREVENT 

trial 

describes a novel, safe and effective means of ex vivo transfection of 
harvested vein grafts with an E2F decoy oligonucleotide, with 
70-74% decreases in the level of proliferating cell nuclear antigen 
(PCNA) 

and c-myc mRNA expressed by the smooth muscle cells in the vein. This 
translated into a statistically significant reduction in primary graft 
failure when used to bypass peripheral arterial occlusions in a high-risk 
human patient population. 
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Transcription factor decoy for NFkappaB inhibits 
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Tomita N; Morishita R; Tomita S; Gibbons G H; Zhang L; 
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Department of Geriatric Medicine, Osaka University Medical 
School, Japan. 
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The expression of several cytokines and adhesion molecules is regulated 

the transcription factor NFkappaB, which is activated by tumor necrosis 
factor alpha (TNF-alpha) . In this study, we employed a mouse model of 
nephritis induced by TNF-alpha to examine whether inhibition of NFkappaB 
activity using transcription factor decoy oligonucleotides (ODN) 
blocks cytokine and adhesion molecule expression and attenuates the renal 
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AB 
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inflammatory response. First, we developed a method for delivering 
FITC-ODN in vivo into i^e kidney glomeruli by employinj^HVJ- liposome . 
Then, in order to stud^Jne feasibility of decoy stratec^^n 

vivo, the reporter gene chloramphenicol acetyltransf erase (CAT) driven by 
three tandemly repeated NFkappaB binding sequences was transfected into 
the kidney. Intrapenetorial injection of TNF-alpha stimulated CAT 
expression in vivo, and the increase in CAT expression was completely 
abolished by NFkappaB decoy ODN, but not scrambled ODN. 
Therefore, we examined the effect of NFkappaB decoy ODN 
transfection on TNF-alpha-induced endogenous interleukin (IL)-lalpha, 
IL-lbeta, IL-6, ICAM-1 and VCAM-1 gene expression as assessed by RT-PCR 
and Northern blotting. Our present data showed that NFkappaB decoy 
, but not scrambled, ODN abolished TNF-alpha induced gene expression in 
vivo, as well as glomerular inflammation as assessed by CD45 staining. 
Taken together, our results suggest the potential utility of NFkappaB 
decoy strategy for molecular therapy to glomerular inflammatory 
diseases . 
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Naked nucleic acids (DNA, RNA, and/or analogs) , drugs, and/or other 



15 Drawing Page(s) 



trauma 



targets 



and 



molecules in an extracellular environment enter cells in living intact 
tissue upon application of pressure to the cells and extracellular 
environment. Nucleic acids localize to the cell nuclei. Transfection 
efficiencies greater than 90% are achievable for naked DNA and RNA. A 
sealed enclosure, defined by an enclosing means and/or tissue, contains 
the cells and their extracellular environment. The enclosure is 
pressurized to an incubation pressure on the order of atmospheres. A 
protective inelastic sheath may be used to prevent distension and 

in tissue that is part of the enclosure boundary. Suitable enclosures 
include pressurization chambers and organs such as blood vessels or the 
heart. Parts of organs, entire organs, and/or entire organisms are 
pressurized. Suitable target tissue types include blood vessel (in 
particular vein) tissue, heart, kidney, liver, and bone marrow tissue. 
Gene therapy applications include ex-vivo treatment of grafts prior to 
transplantation, and in-vivo treatment of tissue. Useful therapy 

include cell cycle regulatory genes for blocking cell proliferation, 

interleukin (IL) and cell adhesion molecule (CAM) genes for reducing 
immune responses to grafts. 
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The application of gene therapy to human disease is currently restricted 
by the relatively low efficiency and potential hazards of methods of 
oligonucleotide or gene delivery. Antisense or transcription factor 
decoy oligonucleotides have been shown to be effective at altering 
gene expression in cell culture expreriments, but their in vivo 
application is limited by the efficiency of cellular delivery, the 
intracellular stability of the compounds, and their duration of activity. 
We report herein the development of a highly efficient method for naked 
oligodeoxynucleotide (ODN) transfection into cardiovascular tissues by 
using controlled, nondistending pressure without the use of viral 
vectors, 

lipid formulations, or exposure to other adjunctive, potentially 
hazardous 
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AB 



substances. In this study, we have documented the abi 
pressure-mediated transaction to achieve nuclear loc 
fluorescent (FITC) -lab^^R ODN in approximately 90% a 
intact human saphenous vein and rat myocardium, respe 
further documented that pressure-mediated delivery of 
functionally inhibit target gene expression in both o 
sequence-specific manner at the mRNA and protein leve 
oligonucleotide transfection system may represent a s 
achieving the intraoperative genetic engineering of f 
human bypass grafts and may provide an avenue for the 
manipultation of cardiac allograft rejection, allogra 
other transplant diseases. 
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Ex-vivo gene therapy of human vascular bypass grafts with 
E2F decoy: the PREVENT single-centre, randomised, 
controlled trial. 

Mann M J; Whittemore A D; Donaldson M C; Belkin M; Conte M 
S; Polak J F; Orav E J; Ehsan A; Dell f Acqua G; Dzau V 
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BACKGROUND: Cell-cycle blockade by ex-vivo gene therapy of experimental 
vein grafts inhibits the neointimal hyperplasia and subsequent 
accelerated 

atherosclerosis that lead to human bypass-graft failure. In a 
prospective, 

randomised, controlled trial, we investigated the safety and biological 
efficacy of intraoperative gene therapy in patients receiving bypass vein 
grafts. METHODS: We studied gene therapy that uses decoy 

oligodeoxynucleotide, which binds and inactivates the pivotal cell-cycle 
transcription factor E2F. 41 patients were randomly assigned untreated 
(16), E2F-decoy- treated (17), or scrambled-oligodeoxynucleotide- 
treated (eight) human inf rainguinal vein grafts. Oligonucleotide was 
delivered to grafts intraoperatively by ex-vivo pressure-mediated 
transfection. The primary endpoints were safety and inhibition of target 
cell-cycle regulatory genes and of DNA synthesis in the grafts. Analysis 
was by intention to treat. FINDINGS: Mean transfection efficiency was 
89.0% (SD 1.9). Prolif erating-cell nuclear antigen and c-myc mRNA 
concentrations and bromodeoxyuridine incorporation were decreased in the 
EF2-decoy group by medians of 73% [ IQR 53-84], 70% [50-79], and 
74% [56-83] r respectively) but not in the scrambled-oligodeoxynucleotide 
group (p<0.0001). Groups did not differ for postoperative complication 
rates. At 12 months, fewer graft occlusions, revisions, or critical 
stenoses were seen in the E2F-decoy group than in the untreated 
group (hazard ratio 0.34 [95% CI 0.12-0.99]). INTERPRETATION: 
Intraoperative transfection of human bypass vein grafts with E2F- 
decoy oligodeoxynucleotide is safe, feasible, and can achieve 
sequence-specific inhibition of cell-cycle gene expression and DNA 
replication. Application of this genetic-engineering strategy may lower 
failure rates of human primary bypass vein grafting. 



L7 ANSWER 13 OF 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



AUTHOR : 



CORPORATE SOURCE: 



34 MEDLINE DUPLICATE 9 

1999263<y^ MEDLINE 
9926342^PpubMed ID: 10325243 

Transcription factor decoy to study the molecular 
mechanism of negative regulation of renin gene expression 
in the liver in vivo. 

Tomita S; Tomita N; Yamada T; Zhang L; Kaneda Y; Morishita 
R; Ogihara T; Dzau V J; Horiuchi M 
Division of Cardiovascular Medicine, Department of 
Medicine, Brigham and Women's Hospital, Harvard University 
Medical School, Boston, MA, USA.. tomita@geriat . med. osaka- 
u . ac . jp 



CONTRACT NUMBER: 

HL35252 (NHLBI) 
HL35610 (NHLBI) 
+ 

SOURCE : 



HL07708 (NHLBI) 



(1999 May 14) 84 (9) 1059-66. 
ISSN: 0009-7330. 



PUB . COUNTRY : 
DOCUMENT TYPE 
LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



AB 



we 



CIRCULATION RESEARCH, 
Journal code: 0047103. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199906 

Entered STN: 19990614 
Last Updated on STN: 19990614 
Entered Medline: 19990603 
Renin is synthesized in high quantities in the juxtaglomerular cells of 
the kidney, but little or none is synthesized in the liver. Our previous 
in vitro and biochemical studies have demonstrated that tissue-specific 
expression of the mouse renin gene is regulated by the specific 
interaction between negative regulatory element (NRE) in the 5 '-flanking 
region of the renin gene and NRE binding protein (NREB) . In this study, 

examined the hypothesis that this interaction between the NRE in the 
promoter region of the rat renin gene and the NREB in the liver 
contributes to the suppressed renin gene expression in this tissue in 
vivo. We used in vivo transfection of NRE transcription factor 
decoy (TFD) double-stranded oligonucleotide into the rat liver via 
portal vein infusion. A gel mobility shift assay showed that transfected 
NRE TFD blocked endogenous NREB binding with the rat renin gene. This 
resulted in enhanced hepatic renin mRNA expression, immunohistochemical 
detection of renin in the liver, and consequently, increased plasma renin 
concentration. Taken together, these results document the importance of 
NREB in the inhibition of renin gene expression in rat liver in vivo and 
suggest the possibility of in vivo renin gene modulation by the TFD 
approach . 
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Possible E2F-independent cell cycle progression in 

endothelium of genetically engineered grafts 

Ehsan, Afshin; Mann, Michael J.; Dell ! Acqua, Giorgio; 
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In this study, the authors investigated the proliferative response of the 
endothelial monolayer and sought to det. whether this endothelial healing 
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was adversely affected by treatment with decoy 

oligodeoxynucleotides ^teDN) targeting the transcription^^ factor E2F, 
which is known to arr™ cell cycle progression in vascwlr smooth muscle 
cells (SMC) . An interposition graft of the right jugular vein to the 
carotid artery led to an acute dilation of the conduit and a subsequent 
significant increase in surface area. Rapid healing was further 
demonstrated. E2F decoy ODN treatment arrested the growth of 
quiescent cultured human SMC but not that of human endothelial cells upon 
restimulation with serum. Despite sequence-specific inhibition of SMC 
proliferation in vitro and in vivo, E2F decoy ODN does not 
inhibit cell cycle entry and progression of endothelial cells, thus 
suggesting an E2F-independent pathway for the completion of the cell 
cycle . 
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Role of AP-1 complex in angiotensin II-mediated 
transforming growth factor-beta expression and growth of 
smooth muscle cells: using decoy approach against 
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The cis element double-stranded oligodeoxynucleotides (ODN) ( " 
decoy 1 ') approach has enabled us to clarify the responsible 
elements. Using this approach, we transfected AP-1 decoy ODN 
into VSMC cultured from WKY rats (WKY Adu) which produce latent TGF-beta, 
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AP-1 



but not active TGF-beta, and Sprague-Dawley rats (CNC) which produce 
active and latent TGF-h|^ under Ang II-stimulation . AP-|^but not 
mismatched, decoy ODN JK-ished Ang 1 1 -stimulated TGF-be^^gene 

expression and production in both Adu and CNC. However, AP-1 decoy 

did not alter DNA, RNA, and protein synthesis in Adu. In contrast, cell 

number was increased under Ang II stimulation by AP-1 decoy ODN 

in CNC without significant change in RNA and protein synthesis. These 

results showed that Ang II stimulated TGF-beta production through the 

complex. In VSMC that produce active TGF-beta (CNC) , the AP-1 complex 
stimulated by Ang II may inhibit cell growth through active TGF-beta 
production. Overall, this study demonstrates the utility of the 
decoy approach to study the specific function of cis elements in 
endogenous gene regulation such as Ang II-induced TGF-beta expression. 
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AB The transcription factor E2F controls expression of several genes 
involved 

in cell proliferation including c-myc, c-myb, proliferating cell nuclear 
antigen (PCNA), and cdk2 kinase. Having established that both PCNA and 
cdk2 kinase are induced in rat mesangial cells (MC) by serum stimulation, 
we attempted to inhibit MC proliferation in vitro by transfecting these 
cells with cationic liposomes containing a synthetic double-stranded 



oligodeoxynucleotide (ODN) with high affinity for E2F. Using a gel 
mobility shift assay, ^^detected increased specific bi^^ig of E2F in MC 
following serum stimul^Jion. This binding was completelJBmhibited by 

preincubation of MC nuclear extracts with the double-stranded ODN with 
high affinity for E2F but not by preincubation with a missense ODN 
containing two point mutations. MC were also transfected with a 
lucif erase 

reporter gene construct containing three E2F binding sites. Lucif erase 
activity was enhanced by serum stimulation of MC, and this effect was 
specifically abolished by cotransf ection of MC with E2F decoy 
ODN. Furthermore, RT-PCR analysis revealed that serum-induced 
upregulation 

of PCNA and cdk2 kinase gene expression was inhibited by E2F decoy 

ODN transfection but not by transfection of missense ODN. These changes 

in 

gene expression were paralleled by a reduction in PCNA and cdk2 kinase 
protein expression in E2F decoy ODN transfected cells. MC number 
increased following serum stimulation. This effect was blunted by 
transfection with E2F decoy ODN but not by transfection of 
missense ODN. These data suggest that the transcription factor E2F plays 

a 

crucial role in the regulation of MC proliferation and that this factor 
can be successfully targeted to inhibit MC cell cycle progression. 
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AB A review, with 31 refs. The authors discussed in vitro studies of 

tissue-specific renin gene expression; in vivo identification of an NRE 

in 

the mouse renin gene using direct gene transfer; in vivo silencing effect 
of the Renl NRE in mouse submandibular gland and kidney; use of an in 

vivo 

transcriptional factor decoy approach to examine tissue-specific 

renin gene expression in the mouse; in vivo cis and trans interactions of 

the renin promoter with double-stranded phosphorothioate Renl NRE 

oligonucleotides; consensus silencing effect of related NRE sequences; 

neg. regulation of renin gene expression in the liver in vivo; specific 

nuclear protein binding to the rat renin NRE in liver; change in the 

binding of NREB to NRE after decoy transfection; expression of 

renin mRNA in rat liver; changes in hepatic and plasma renin concns . ; NRE 

in the human renin gene; and cloning of NREB. 
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Vein graft gene therapy using E2F decoy 
oligonucleotides: target gene inhibition in human 
veins and long-term resistance to atherosclerosis in 
rabbits 

Mann, Michael J.; Dzau, Victor J. 

Division of Cardiovascular Medicine, Harvard Medical 
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Vein graft failures are assocd. with the development of graft neointimal 
hyperplasia and accelerated atherosclerosis. We have demonstrated that a 
genetic engineering strategy that blocks cell cycle regulatory gene 
upregulation using antisense oligonucleotides in rabbits prevents this 
neointimal hyperplasia and that these modified grafts adapt to the 
hemodynamic stress of the arterial environment instead via medial 
hypertrophy. Furthermore, this genetic intervention preserves vein graft 
endothelial function and yields grafts resistant to diet-induced 
atherosclerosis. Arrest of vascular smooth muscle cell proliferation 
requires the simultaneous blockade of at least two cell-cycle regulatory 
genes; we therefore studied inhibition of the transcription factor E2F, 
the activation of which is responsible for the upregulated expression of 
numerous genes required for cell cycle progression, using ex vivo 
transfection of human vein segments with an E2F decoy 

oligodeoxynucleotide . Because vein graft disease develops over months to 
years, we further tested the hypothesis that neointimal hyperplasia 
generates a long-term susceptibility to accelerated vein graft 
atherosclerosis and that intraoperative, genetic inhibition of vascular 
smooth muscle cell cell cycle progression can yield a stable shift in 
graft-adaptive biol. such that a long-term resistance to this disease 
process is achieved. 
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adhesion molecule in mesangial cells. 

Tomita, N. (1); Morishita, R.; Gibbons, G. H . ; Tomita, S.; 
Kaneda, Y.; Ogihara, T.; Dzau, V. J. 
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HYPERTENSION, (1996 Dec) 28 
Journal code: 7906255. ISSN: 
United States 

Journal; Article; (JOURNAL ARTICLE) 
General Review; (REVIEW) 
(REVIEW, TUTORIAL) 
English 

Priority Journals 
199701 

Entered STN: 19970128 
Last Updated on STN: 19970128 
Entered Medline: 19970107 
Transgenic technologies and homologous recombination approaches have been 
useful for studying the roles of specific genes in systemic hypertension. 
Recently, we and others have introduced the use of in vivo gene transfer 
to study the effects of local gene overexpression or inactivation in 
hypertension. Using in vivo gene transfer for the blood vessel, we have 
documented the direct hypertrophic action of local angiotensin and the 
growth-inhibitory effect of nitric oxide. In vivo gene transfer is also 



PUB. COUNTRY: 
DOCUMENT TYPE 



LANGUAGE : 
FILE SEGMENT 
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ENTRY DATE: 



an 



effective method for discovering the unknown functions of a newly cloned 
gene. Using this approach, we identified the in vivo growth-inhibitory 
action of the angiotensin II type 2 receptor. In addition, we have 
developed a novel strategy using transcriptional factor "decoy" 
oligonucleotides to regulate the interaction of cis- and trans-acting 
factors involved in the modulation of gene expression in vivo. Thus, the 
decoy approach can "switch" on or off specific genes in selective 
tissues in vivo, thereby influencing local gene expression and tissue 
function. For example, using decoy oligonucleotides, we have 
"turned on" renin gene expression in the rat liver, in which it is 
usually 

not expressed, resulting in increased hepatic and plasma renin levels. 



Thus, in vivo gene transfer technology provides us with a 
vivo characterization oJ^genes involved in hypertension 
potential 

application in human therapy. 



new tool for in 
it has 
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Tomita, N. (1); Gibbons, G. H. (1); Kim, J. (1); Tomita, 
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Potential gene therapy for glomerulonephritis: 

of NF-kappa-B decoy inhibited TNF-alpha induced 
cytokine and adhesion molecules expression in vivo. 
Tomita, N. (1); Morishita, R. (1); Gibbons, G. H. (1) ; 
Tomita, S. (1); Horiuchi, M. (1); Zhang, L . (1); Kaneda, 
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WO 9511687 Al 19950504 WO 1994-US12339 19941028 

W: CA, JP 



to 



RW: AT, BE, CH, DH^DK, ES, FR, GB, GR, IE, IT, LU, , NL, PT, SE 

EP 732929 Al 19960925 EP 1995-900450 19941028 
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AB Oligodeoxynucleotide decoys are provided for prophylactic or therapeutic 

treatment of diseases assocd. with the binding of endogenous 
transcription 

factors to genes involved in cell growth, differentiation, and signaling, 
or to viral genes. By inhibiting endogenous trans-activating factors 

from 

binding transcription regulatory regions, the decoys modulate gene 
expression and thereby regulate pathol . processes including inflammation, 
intimal hyperplasia, angiogenesis, neoplasia, immune responses, and viral 
infection. The decoys are administered in amts. and under conditions 
whereby binding of the endogenous transcription factor to the endogenous 
gene is effectively competitively inhibited without significant host 
toxicity. The subject compns. comprise the decoy mols. in a 
context which provides for pharmacokinetics sufficient for effective 
therapeutic use. Thus, a 14-bp double-stranded DNA oligonucleotide 
( 5 1 -CTAGATTTCCCGCG-3 1 /3 1 -TAAAGGGCGCCTAG-5 1 ) was transfected into vascular 
smooth muscle cells and shown to effectively abolish the binding of the 
E2F transcription factor to a specific binding site in serum-stimulated 
cells. Induction of c-myc, cdc2, and PCNA mRNA expression in response to 
serum stimulation was markedly inhibited by transfection of the E2F 
decoy, whereas there was no effect on .beta.-actin mRNA 

expression . Phosphatidylserine/phosphatidylcholine/cholesterol liposomes 
contg. inactivated hemagglutinating virus of Japan (Z strain) were used 

encapsulate the dsDNA decoys, resulting in a more rapid cellular uptake 
and nuclear concn., and a 100-fold higher transfection efficiency than 
lipofection or passive uptake methods. Neg. response element 
(NRE) :NRE-binding protein interaction responsible for silencing of renin 
Renl gene expression was also affected by dsDNA decoys in cell line 
(SCA-9) derived from a submandibular gland tumor. 

L7 ANSWER 2 8 OF 34 MEDLINE DUPLICATE 14 

ACCESSION NUMBER: 95320174 MEDLINE 
DOCUMENT NUMBER: 95320174 PubMed ID: 7597041 

TITLE : A gene therapy strategy using a transcription factor 

decoy of the E2F binding site inhibits smooth 

muscle proliferation in vivo. 
AUTHOR: Morishita R; Gibbons G H; Horiuchi M; Ellison K E; Nakama 

M; Zhang L; Kaneda Y; Ogihara T; Dzau V J 
CORPORATE SOURCE: Division of Cardiovascular Medicine, Falk Cardiovascular 

Research Center, Stanford University School of Medicine, 

CA 

94305-5246, USA. 
CONTRACT NUMBER: HL35252 (NHLBI) 

HL35610 (NHLBI) 
HL46631 (NHLBI) 
+ 

SOURCE: PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE 

UNITED STATES OF AMERICA, (1995 Jun 20) 92 (13) 5855-9. 
Journal code: 7505876. ISSN: 0027-8424. 

PUB. COUNTRY: United States 

DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 

LANGUAGE: English 

FILE SEGMENT: Priority Journals 

ENTRY MONTH: 199508 

ENTRY DATE: Entered STN: 19950817 



Last Updated on STN: 19950817 

Enterec^fedline : 19950803 
AB The application of DNJ^^chnology to regulate the trans ption of 

disease-related genes in vivo has important therapeutic potentials. The 

transcription factor E2F plays a pivotal role in the coordinated 

transactivation of cell cycle-regulatory genes such as c-myc, cdc2, and 

the gene encoding prolif erating-cell nuclear antigen (PCNA) that are 

involved in lesion formation after vascular injury. We hypothesized that 

double-stranded DNA with high affinity for E2F may be introduced in vivo 

as a decoy to bind E2F and block the activation of genes 

mediating cell cycle progression and intimal hyperplasia after vascular 

injury. Gel mobility-shift assays showed complete competition for E2F 

binding protein by the E2F decoy. Transfection with E2F 

decoy inhibited expression of c-myc, cdc2, and the PCNA gene as 

well as vascular smooth muscle cell proliferation both in vitro and in 

the 

in vivo model of rat carotid injury. Furthermore, 2 weeks after in vivo 
transfection, neointimal formation was significantly prevented by the E2F 
decoy, and this inhibition continued up to 8 weeks after a single 
transfection in a dose-dependent manner. Transfer of an E2F decoy 
can therefore modulate gene expression and inhibit smooth muscle 
proliferation and vascular lesion formation in vivo. 
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DBA/ 2 J mouse contains two renin gene loci (Renld and Ren2d) . Ren2d but 
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AB 
not 



Renld is expressed in submandibular gland (SMG) while both are expressed 
in the kidney. Based on vitro studies, we have postulated that a negative 
regulatory element (NRE) in the renin gene promoter is involved in its 
tissue-specific expression. In this study, we examined the molecular 
mechanism at the in vivo level using direct gene transfer. Fragments of 
the Renld or Ren2d promoter were fused to a chloramphenicol 
acetyltransf erase (CAT) gene expression vector. These constructs 
complexed 

in fusogenic liposomes were injected directly into the mouse SMG or 
intraarterially into the mouse kidney via the renal artery. The vector 
containing the CAT exhibited readily detectable in vivo expressions in 
both SMG and kidney. In the SMG, Renld fragment containing the NRE 
abolished CAT expression while deletion of the NRE restored CAT 
expression. The homologous fragment from the Ren2d promoter did not 
inhibit CAT expression while deletion of the 150-bp insertion resulted in 
the inhibition. Cotransf ection of Renld construct with Renld-NRE 
oligonucleotides as transcriptional factor decoy restored CAT 



expression. Contrary to the SMG, transfection with Renld fragment -CAT 
construct or Ren2d frao^nt-CAT construct into the kidnj^k resulted in 
similar levels of CAT ^B>ression. Interestingly, human ^P^yc NRE 
oligonucleotides which share homology with Renld-NRE competed effectively 
with these oligonucleotides for the regulation of Renld gene expression 



vivo. This NRE sequence is also homologous to silencer elements found in 
multiple mammalian genes, suggesting the presence of a family of NRE /NRE 
binding proteins regulating expression of diverse genes. 
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